Introduction
Clinicians are acutely aware of the psychological importance of dental aesthetics on their patients' sense of wellbeing. 1 Numerous studies have determined a link between dental aesthetics and facial attractiveness [2] [3] [4] as well as others' perception of intelligence and successfulness. 5 Klages and Zentner 6 described how the perception of another's dental condition may 'guide the observers to making conclusions about that Objective To assess whether subject gender influences aesthetic opinion when altering the width of maxillary lateral incisors. Method Photographs of a male and a female smile, displaying only the lips and teeth, were digitally altered to produce images where the maxillary lateral incisor was proportioned 52%, 57%, 62%, 67%, 72% and 77% in relation to the width of the maxillary central incisor. The image was then made symmetrical. One hundred participants (50 male and 50 female) were asked to rank each set of photographs from 'most' to 'least attractive'. Result The 57% lateral incisor was considered the 'most attractive' with the 77% lateral incisor the 'least attractive' however no statistically significant difference existed with relation to subject or rater gender. Conclusion Neither the 'golden proportion' nor the 'Recurrent Aesthetic Dental' ('RED') proportion was deemed the most attractive. As subject gender did not have a significant effect, dentists should work to create aesthetic results on an individual basis, operating within a so-called 'golden range'. criticism [14] [15] [16] and other approaches such as the 'Recurring Aesthetic Dental' ('RED') proportion have also been described 15, 17, 18 as an alternative method of deciding tooth proportions. Viewed from the front, this principle is based on a linear coefficient in which the width of each successive tooth is determined by the width-height ratio of the central incisor. For a normally proportioned central incisor (78% width/height ratio) the width of the lateral incisor should be 70% of the central incisor.
Preston 14 reported that for 58 orthodontic casts, the 'golden proportion' was only found between the central and the lateral incisor in 17% of cases. Moreover, a more recent study of the 'golden proportion' by Ward 19 also queried its validity, stating that it only appears to be the most aesthetic result when applied to abnormally long teeth. Ward concluded that the golden proportion was preferred to the Preston proportion by 58% of participants for long teeth; but for normal size teeth, the Preston proportion and the 'RED' proportion were preferred to the 'golden proportion' by 70% and 75% of assessors respectively.
Bukhary et al.
11 edited photographs of a female smile, altering the widths of the maxillary lateral incisor in order to ascertain which proportion, with regards to the maxillary central incisor, was deemed the most aesthetic. Bukhary reported that the lateral incisor that appeared to be 67% of the width of the central incisor was deemed the most aesthetic, followed by the 72% proportioned lateral incisor.
Although there have been many studies both searching for and evaluating proportions within the anterior dentition, comparatively few have studied the role of subject gender in perceived aesthetics.
This study aimed to expand on the work by Bukhary by evaluating whether there is variation in the perceived ideal width of the lateral incisor, depending on the gender of the subject.
Materials and method
Ethical approval for this study was sought and granted by the Cardiff Dental School Research Ethics Committee.
A photograph of a male and female smile displaying only the lips, teeth and surrounding face were taken using a digital SLR camera in the Clinical Photography Department of Cardiff University Dental Hospital under the same lighting conditions. The subjects were of similar age and the only make-up worn was lipstick applied to the female model.
The images were digitally altered using Photoshop ® (Adobe ® Photoshop ® CS4 Software, Adobe Systems Inc, San Jose, California). For each subject, the width of the maxillary left lateral incisor was altered at 5% intervals (52%, 57%, 62%, 67%, 72% and 77%) in relation to the subjects' maxillary left central incisor (Fig. 1) . The photographs were then altered to produce bilaterally symmetrical images. Both sets of images fulfilled the majority of the objective dental and gingival criteria of aesthetic principles. [20] [21] [22] Care was taken to keep the dimensions of the mouth and lips the same, only the proportions of the teeth were altered. The photographs were professionally printed on satin effect matt paper at the dimension of 10.16 × 15.24 cm. Each photograph was marked with an exclusive symbol on the posterior surface as a code for identification and recording of the results, which was blinded from the participants.
Two groups were recruited from individuals attending the University Dental Hospital as either patients or dentists. Each participant consented to the study and was unpaid. All participants remained anonymous but their gender was recorded. The first group contained 34 non-dentists (17 females and 17 males). The second group contained 66 individuals, a mixture of dentists and dental students (33 females and 33 males). The ages for both groups ranged from 19 years old to those in their seventh decade.
Each participant acted individually and was given a set of male and a set of female digitally altered photographs. This included six male and six female photographs that had been shuffled within their gender groups. The participants were asked to rank each set of photographs from the 'most attractive' to the 'least attractive' within each gender group. The task was completed on the same clinic over the course of a week in June, and each participant experienced similar lighting conditions. Participants were allowed 15 seconds for each photograph and an additional 30 seconds at the end to verify their choices. Participants were instructed to organise the photographs until they had achieved a definite order, provided they had not exceeded the assigned time limit. The participants were then asked if they could identify any difference between the images, recorded as 'Yes' or 'No' .
Data collected
The group that the rater belonged to was recorded ('dentist/non-dentist') along with their gender, whether they could tell the difference between the images, the gender of the model in the photograph (subject gender) and the rank given to each photograph.
Statistical methods
The aim of this study was to assess whether the gender of the subject in the photograph played a role in governing which width of lateral incisor was considered most aesthetic. Therefore, the percentage of times an image was ranked in first place was compared in relation to rater group (dentist/non-dentist) and gender graphically. Summary data are also provided for the least attractive ranked photograph. Since the data are repeated assessments of the same set of photographs, subject gender was entered into a generalised linear mixed model for binomial outcomes (a repeated measures logistic regression model) to assess significant association with being ranked the most attractive. This model also included covariates for rater group (dentist/ non-dentist), width of lateral incisor and gender of the rater. All analyses were carried out using IBM SPSS Statistics version 23 (SPSS Inc, Chicago, IL, USA).
Results
The 66 dentists and dental students (66%) of the total sample of 100 raters were denoted 'dentists' with the remainder denoted 'nondentists' . The raters were evenly split 50% males and 50% females. All one hundred raters individually assessed 12 separate photographs (6 male and 6 female), 82% said that they were able tell a difference between the images, 92.4% of dentists compared to 61.8% of non-dentists. Figure 2 shows the distribution of photographs ranked as the most attractive for male and female photos separately. It can be seen that, regardless of subject gender, the lateral incisor that was 57% of the width of the central incisor was deemed the most aesthetic, and was ranked first by 38% of participants for the female smile and 28% for the male smile. The next preferred lateral incisor width was 52% in the female smile (25% of participants). In the male smile, it was the 62% lateral incisor (25% of the participants).
The width of the lateral incisor deemed least attractive was more consistent with regard to subject gender (Fig. 3) . The lateral incisor that was 77% of the width central incisor was ranked least attractive in 75% of male photos and 77% of female photos. Figure 4 shows that the 57% lateral was favoured by both male and female raters, and the next preferred lateral incisor was wider when chosen by males (62% width) than females (52% width). Both male and female raters ranked the 77% lateral incisor the least attractive, with 76% of males and females ranking it last (Fig. 5) .
The width of the lateral incisor preferred by dentists and non-dentists was different (Fig. 6) . Dentists who participated in the study ranked the 57% lateral incisor first in 42.4% of cases, however the non-dentists chose the 52% lateral incisor. The variation between what was deemed the most aesthetic lateral incisor proportion was much greater in the nondentists group. The 77% lateral incisor which was chosen first the least number of times in all previous analysis was chosen 13 .3% of times, compared to only 1.5% of times by the dentists group. Although considered the least attractive by both groups, Figure 7 shows that the 77% lateral incisor was ranked last by 85.6% of dentists and only 57.4% of non-dentists. A repeated measures analysis was carried out to assess if the gender of the subject was significantly associated with the ranking for attractiveness.
Neither rater gender nor the gender of the photo were statistically significant factors in determining the rank position of one when all other factors were accounted for.
Whether raters were a dentist or not, also did not have a statistically significant effect. The only effect that was significant was the width of the lateral incisor tooth. All widths were compared to the reference width (77%). Narrower lateral incisors (52-62%) were significantly more likely to be selected as the most preferred rank than the wider teeth, with width 57% being the most likely to be chosen (the largest odds ratio) ( Table 1) .
Discussion
The format of this study was based on the work of Bukhary et al. 11 with the aim of expanding the research question to assess the impact of gender. The decision to choose 5% increments in width between the photographs was a result of the Bukhary study where this value was found to be a detectable increment of change for 10 out of 12 of the participants. The narrowest width of lateral incisor was set as 52% by Bukhary 'to avoid bias in the lower range and to check if there are other preferred proportions lower than 62%' . In the current study the lateral incisors 57% the width of the central incisors was deemed the most attractive, therefore a range of 47% to 72% may have been more suitable. Using this range would have included significantly smaller widths of lateral incisors, perhaps representative of peg laterals − a dental malformation often considered aesthetically problematic. 23 When conducting the study, participants were asked if they could tell a difference between the images. The results showed that a higher percentage of dentists could tell the images apart, compared to non-dentists.
With only 61.8% of non-dentists able to tell the images apart, this meant that nearly 40% of the non-dentists ranked the images randomly. Although one is able to draw the conclusion that dentists are better able to notice subtle differences in a smile than lay people, it is clear that this negatively affects the validity of the results obtained from the non-dentist group. In this study, the 'golden proportion' width of lateral incisor was not deemed the most attractive for either males or females. This disagrees with studies produced by Levin, 13 Lombardi, 12 Qualtrough and Burke 24 which described the lateral incisor with 62% of the width of the central as the desired aesthetic proportion. The 62% lateral incisor was the next most popular for male subjects, which may lend support to the argument for the 'golden proportion' . However, this was not the case for the female model where while there appeared to be a preference towards narrower lateral incisors, this was not statistically significant.
Our results were also very different to those described by Bukhary 11 where the 57% lateral incisor was only chosen by 11.4% of participants. Moreover, when one compares the data from the female photographs of this current study with Bukhary's findings it is apparent that the results show further differences. The 67% lateral incisor as described by Bukhary was chosen as most attractive by 37.7% of their participants, but only by 9% of participants in the current study.
One possible reason for this stark difference may be due to the way in which the photographs were edited to create the different widths of the lateral incisor.
Bukhary achieved this by simply stretching or compressing the image distal to the centrals. This meant that the entire mouth (including the soft tissues of the lips) changed dimensions between the photographs. As the research question asks whether the smile aesthetics are influenced by varying the dimensions of the lateral incisor, altering the entire mouth may introduce confounding variables. The approach taken by this current study ensured that participants ranked the smiles only on the changing proportion of the teeth. Moreover, as dentists are unable to alter the musculature of the face when restoring the anterior dentition, it was thought more representative if only the teeth themselves were adjusted. This was not without drawbacks. This meant that for the current study, as the width of the lateral incisors increased, their shape became more rounded with the rest of the buccal corridor compressed. This distortion of the teeth, although more realistic to dental restorative manipulation, may have accounted for the preference towards narrower lateral incisors in the current study. It should also be noted that while symmetrical editing techniques employed both with the current study and by Bukhary have been shown to influence aesthetic opinion, it does not address the potential beneficial aspects to asymmetry. It has been shown that minor asymmetries are found in even the most aesthetic smiles. 25 The outcome of this study showed a preferred lateral incisor width of 57% of the width of the central incisor. This was different to other studies that argue against the 'golden proportion' . Ward 19 showed preference for the 'Recurring Aesthetic Dental' ('RED') proportion rather than the 'golden proportion' and described how a lateral incisor 70% the width of the central was considered most attractive. 73% of the participants in his study were male and the data from the current study suggested that males may show preference towards wider lateral incisors, perhaps accounting for the difference between these two studies. However, generalised linear modelling demonstrated that there is no evidence for a statistical difference between the width of incisors deemed most attractive by male and female assessors. It is clear, therefore, that the narrower 57% lateral incisor preferred in this study neither conforms to the 'golden proportion' nor the 'Recurring Aesthetic Dental' ('RED') proportion.
The results, however, do conform to those described by Wolfart et al. 16 Their study gave a range of widths of lateral incisor (56-68%) considered most appealing as perceived by dentists. This so-called 'golden range' includes the most attractive value of 57% from the current study. Likewise, this conforms to the range deduced by Ker et al. 26 (53%-76%). Although Ker only surveyed non-dentists, the current study has concluded that there is no significant difference in lateral incisor width preferred between dentists and non-dentists. However, Wolfart 16 only used a female model and Ker a gender-neutral image. Therefore, no direct comparisons can be made between these studies with relation to gender.
The main aim of this study was to assess whether the width of lateral incisor deemed most aesthetic was different for males and female subjects. The general linear mixed model indicated that there was no statistically significant difference between which lateral incisors were preferred for male and female subjects. No statistical difference was found between preferred lateral incisor widths and whether the person ranking the photographs was male or female, or whether they were a dentist or non-dentist.
Few studies have focused on the role of gender of the subject in dental or facial aesthetics. Khan and Abbas 27 showed that there is a significant difference between males and females, with females showing greater length of all maxillary anterior teeth at rest. Their study did not measure differences during smiling; perhaps due to a lack of reproducibility, with other studies having described a difference between posed and spontaneous smiles. 28 However, a study 22 that looked at lengths of incisors during smiling found no differences between genders. This would suggest that despite this gender difference at rest; during smiling, there is little difference between length of incisors shown, or the width of lateral incisor that was considered most attractive between males and females. Indeed, Hyde et al. 29 showed that experts cannot distinguish the gender of the subject from casts of the upper anterior dentition alone. Eleven experts were asked to determine the gender One reason there may have been no statistical difference between which lateral incisor was considered most attractive may be due to a small sample size. With only 100 participants, this meant the confidence intervals were large and the sample size possibly too small to detect the effect of either the gender of the subject or the assessor. Although the data suggested a difference of opinion between dentists and non-dentists there was no statistically significant difference. This is due to the combination between a small sample size (only 34 non-dentists participated), and the inability for 38.2% of the non-dentist group to notice a difference between the images. It could therefore be surmised that it may be of benefit to repeat the study with a greater sample size. Reliability was not tested following the same methodology as Bukhary et al. 11 In hindsight, considering the potential effect of this study's approach to editing the photographs, it may have been beneficial to assess reliability in a more comprehensive manner. It may also be of benefit to repeat the study with the photographs edited in the same way as Bukhary to allow the studies to be more readily compared.
Conclusion
Neither the 62% 'golden proportion' nor the 70% 'Recurring Aesthetic Dental' ('RED') proportion was deemed the most attractive in the current study. Instead the lateral incisor that was 57% the width of the central was deemed the most aesthetic. This highlights the subjectivity of the notion of attractiveness and reinforces the idea of a 'golden range' in which the most attractive proportions lie.
There was no statistical difference between the preferred width of lateral incisor and whether the subject was male or female, whether the assessor was male or female or whether they were a dentist or non-dentist.
Further studies involving larger sample sizes and standardised images would prove valuable in assessing whether the smile aesthetics influenced by varying the dimensions of the maxillary lateral incisor are different in males and females.
Therefore, dentists should work with patients on an individual basis to create the most aesthetic result rather than on assumptions based on the patient's gender.
